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The tables in this appendix present the life history parameter values used by EPA to calculate age 1 equivalents, fishery
yields, and production foregone from I&E data for the California region.  Because of differences in the number of life stages
represented in the loss data, there are cases where more than one life stage sequence was needed for a given species or species
group.  Alternative parameter sets were developed for this purpose and are indicated with a number following the species or
species group name (i.e., Anchovies 1, Anchovies 2).
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Stage Name
Natural Mortality

(per stage)
Fishing Mortality

(per stage)
Fraction Vulnerable

to Fishery
Weight (lbs)

Eggs 0.496 0 0 0.000000716

Larvae 3.01 0 0 0.000000728

Juvenile 7.40 0 0 0.000746

Age 1+ 0.300 0 0 0.309

Age 2+ 0.300 0 0 1.17

Age 3+ 0.300 0 0 2.32

Age 4+ 0.540 0.21 0.45 3.51

Age 5+ 1.02 0.21 0.90 4.56

Age 6+ 1.50 0.21 1.0 5.47

Age 7+ 1.50 0.21 1.0 6.20

Age 8+ 1.50 0.21 1.0 6.77

Sources: Able and Fahay, 1998; PSE&G, 1999; and U.S. Fish and Wildlife Service, 1978. 
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App. B1-2
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Stage Name
Natural Mortality

(per stage )
Fishing Mortality 

(per stage )
Fraction Vulnerable

to Fishery
Weight (lbs)

Eggs 0.669 0 0 0.00000138

Larvae 7.99 0 0 0.00000151

Juvenile 2.12 0 0 0.0132

Age 1+ 0.700 0.03 0.50 0.0408

Age 2+ 0.700 0.03 1.00 0.0529

Age 3+ 0.700 0.03 1.00 0.0609

Age 4+ 0.700 0.03 1.00 0.0684

Age 5+ 0.700 0.03 1.00 0.0763

Age 6+ 0.700 0.03 1.00 0.0789

a  Includes northern anchovy, deepbody anchovy, slough anchovy and other anchovies not identified to species.
b  Life history parameters applied to losses from Contra Costa, Diablo, Encina, Harbor, Haynes, Humboldt, Hunter’s Point,
Huntington, Mandalay, Morro Bay, Moss Landing, Ormond, Pittsburg, Redondo Beach, Scattergood, Segundo, and San
Onofre.

Sources: Ecological Analysts Inc., 1981b; Froese and Pauly, 2002; Pacific Fishery Management Council, 1998; Tenera
Environmental Services, 2000a; Virginia Tech, 1998; and Wang, 1986.
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Stage Name
Natural Mortality

(per stage )
Fishing Mortality

(per stage )
Fraction Vulnerable

to Fishery
Weight (lbs)

Eggs 0.669 0 0 0.00000138

Larvae 3 mm 0.172 0 0 0.00000151

Larvae 4 mm 0.172 0 0 0.00000173

Larvae 5 mm 0.172 0 0 0.00000334

Larvae 6 mm 0.172 0 0 0.00000572

Larvae 7 mm 0.172 0 0 0.00000901

Larvae 8 mm 0.172 0 0 0.0000134

Larvae 9 mm 0.172 0 0 0.0000189

Larvae 10 mm 0.172 0 0 0.0000258

Larvae 11 mm 0.172 0 0 0.0000342

Larvae 12 mm 0.172 0 0 0.0000442

Larvae 13 mm 0.172 0 0 0.0000559

Larvae 14 mm 0.172 0 0 0.0000696

Larvae 15 mm 0.172 0 0 0.0000853

Larvae 16 mm 0.172 0 0 0.000103

Larvae 17 mm 0.172 0 0 0.000123

Larvae 18 mm 0.172 0 0 0.000146

Larvae 19 mm 0.172 0 0 0.000171

Larvae 20 mm 0.172 0 0 0.000199

Larvae 21 mm 0.172 0 0 0.000230

Larvae 22 mm 0.172 0 0 0.000264
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Stage Name
Natural Mortality

(per stage )
Fishing Mortality

(per stage )
Fraction Vulnerable

to Fishery
Weight (lbs)

App. B1-3

Larvae 23 mm 0.172 0 0 0.000301

Larvae 24 mm 0.172 0 0 0.000341

Larvae 25 mm 0.172 0 0 0.000385

Larvae 26 mm 0.172 0 0 0.000432

Larvae 27 mm 0.172 0 0 0.000483

Larvae 28 mm 0.172 0 0 0.000538

Larvae 29 mm 0.172 0 0 0.000597

Larvae 30 mm 0.172 0 0 0.000659

Larvae 31 mm 0.172 0 0 0.000726

Larvae 32 mm 0.172 0 0 0.000798

Larvae 33 mm 0.172 0 0 0.000873

Larvae 34 mm 0.172 0 0 0.000954

Larvae 35 mm 0.172 0 0 0.00104

Larvae 36 mm 0.172 0 0 0.00113

Larvae 37 mm 0.172 0 0 0.00122

Larvae 38 mm 0.172 0 0 0.00132

Larvae 39 mm 0.172 0 0 0.00143

Larvae 40 mm 0.172 0 0 0.00154

Larvae 41 mm 1.249 0 0 0.00166

Larvae 59 mm 0.208 0 0 0.00485

Juvenile 2.12 0 0 0.0132

Age 1+ 0.700 0.03 0.50 0.0408

Age 2+ 0.700 0.03 1.0 0.0529

Age 3+ 0.700 0.03 1.0 0.0609

Age 4+ 0.700 0.03 1.0 0.0684

Age 5+ 0.700 0.03 1.0 0.0763

Age 6+ 0.700 0.03 1.0 0.0789

a  Includes northern anchovy.  
b  Life history parameters applied to losses from Potrero.

Sources: Ecological Analysts Inc., 1980b, 1981b; Froese and Pauly, 2002; Pacific Fishery Management Council,
1998; Tenera Environmental Services, 2000a; and Wang, 1986.
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Stage Name
Natural Mortality

(per stage)
Fishing Mortality

(per stage)
Fraction Vulnerable

to Fishery
Weight (lbs)

Eggs 0.669 0 0 0.00000138

Larvae 6 mm 0.104 0 0 0.00000572

Larvae 7 mm 0.207 0 0 0.00000901

Larvae 9 mm 0.104 0 0 0.0000189

Larvae 10 mm 0.104 0 0 0.0000258

Larvae 11 mm 0.104 0 0 0.0000342

Larvae 12 mm 0.104 0 0 0.0000442

Larvae 13 mm 0.104 0 0 0.0000559

Larvae 14 mm 0.104 0 0 0.0000696

Larvae 15 mm 0.207 0 0 0.0000853

Larvae 17 mm 0.207 0 0 0.000123

Larvae 19 mm 0.104 0 0 0.000171

Larvae 20 mm 0.104 0 0 0.000199

Larvae 21 mm 0.207 0 0 0.000230

Larvae 23 mm 0.311 0 0 0.000301

Larvae 26 mm 0.207 0 0 0.000432

Larvae 28 mm 0.104 0 0 0.000538

Larvae 29 mm 0.104 0 0 0.000597

Larvae 30 mm 0.104 0 0 0.000659

Larvae 31 mm 0.104 0 0 0.000726

Larvae 32 mm 0.622 0 0 0.000798

Larvae 38 mm 1.97 0 0 0.00132

Larvae 57 mm 0.519 0 0 0.00438

Larvae 62 mm 0.207 0 0 0.00561

Larvae 64 mm 0.104 0 0 0.00616

Larvae 65 mm 0.104 0 0 0.00645

Larvae 66 mm 0.104 0 0 0.00675

Larvae 67 mm 0.311 0 0 0.00706

Larvae 70 mm 0.519 0 0 0.00803

Larvae 75 mm 0.622 0 0 0.00984

Larvae 81 mm 0.104 0 0 0.0123

Larvae 82 mm 0.104 0 0 0.0128

Juvenile 2.12 0 0 0.0132

Age 1+ 0.700 0.03 0.50 0.0408

Age 2+ 0.700 0.03 1.0 0.0529

Age 3+ 0.700 0.03 1.0 0.0609

Age 4+ 0.700 0.03 1.0 0.0684

Age 5+ 0.700 0.03 1.0 0.0763

Age 6+ 0.700 0.03 1.0 0.0789

a  Includes northern anchovy.  
b  Life history parameters applied to losses from Hunter’s Point.

Sources: Ecological Analysts Inc., 1980b, 1981b, 1982a; Froese and Pauly, 2002; Pacific Fishery Management
Council, 1998; Tenera Environmental Services, 2000a; and Wang, 1986.
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Stage Name
Natural Mortality

(per stage)
Fishing Mortality

(per stage)
Fraction Vulnerable

to Fishery
Weight (lbs)

Eggs 0.105 0 0 0.00000176

Larvae 3.98 0 0 0.00000193

Juvenile 0.916 0 0 0.000501

Age 1+ 1.34 0 0 0.00314

Age 2+ 1.34 0 0 0.00745

Age 3+ 1.34 0 0 0.0101

Age 4+ 1.34 0 0 0.0113

Age 5+ 1.34 0 0 0.0119

Age 6+ 1.34 0 0 0.0122

Age 7+ 1.34 0 0 0.0123

Age 8+ 1.34 0 0 0.0123

Age 9+ 1.34 0 0 0.0124

a  Includes bay blenny, combtooth blenny, mussel blenny, orangethroat pikeblenny, rockpool blenny, tube blenny,
and other blennies not identified to species.

Sources: Froese and Binohlan, 2000; Froese and Pauly, 2003; and Tenera Environmental Services, 2000b.
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Stage Name
Natural Mortality

(per stage)
Fishing Mortality

(per stage)
Fraction Vulnerable

to Fishery
Weight (lbs)

Eggs 2.30 0 0 0.00000430

Larvae 3.79 0 0 0.000605

Juvenile 0.916 0 0 0.00825

Age 1+ 0.288 0 0 0.169

Age 2+ 0.144 0.14 0.50 1.06

Age 3+ 0.144 0.14 1.0 3.26

Age 4+ 0.144 0.14 1.0 4.72

Age 5+ 0.144 0.14 1.0 5.30

Age 6+ 0.144 0.14 1.0 6.13

Age 7+ 0.144 0.14 1.0 6.78

Age 8+ 0.144 0.14 1.0 7.37

Age 9+ 0.144 0.14 1.0 8.76

Age 10+ 0.144 0.14 1.0 9.23

Age 11+ 0.144 0.14 1.0 10.5

Age 12+ 0.144 0.14 1.0 12.0

Age 13+ 0.144 0.14 1.0 13.7

Sources: Cailliet, 2000; Leet et al., 2001; O’Connell, 1953; Tenera Environmental Services, 1988; and personal
communication with Y. DeReynier (NMFS, November 19, 2002).
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Stage Name
Natural Mortality

(per stage)
Fishing Mortality

(per stage)
Fraction Vulnerable

to Fishery
Weight (lbs)

Eggs 0.223 0 0 0.000000548

Larvae 2.86 0 0 0.00000444

Juvenile 0.555 0 0 0.0170

Age 1+ 0.160 0 0 0.130

Age 2+ 0.160 0 0 0.739

Age 3+ 0.160 0 0 1.94

Age 4+ 0.160 0 0 3.87

Age 5+ 0.160 0 0 6.21

Age 6+ 0.160 0.16 1.0 8.89

Age 7+ 0.160 0.16 1.0 12.2

Age 8+ 0.160 0.16 1.0 15.3

Age 9+ 0.160 0.16 1.0 18.9

Age 10+ 0.160 0.16 1.0 21.3

Age 11+ 0.160 0.16 1.0 23.8

Age 12+ 0.160 0.16 1.0 26.6

Age 13+ 0.160 0.16 1.0 28.6

Age 14+ 0.160 0.16 1.0 30.7

Age 15+ 0.160 0.16 1.0 33.0

Age 16+ 0.160 0.16 1.0 35.3

Age 17+ 0.160 0.16 1.0 37.7

Age 18+ 0.160 0.16 1.0 40.2

Age 19+ 0.160 0.16 1.0 42.9

Age 20+ 0.160 0.16 1.0 45.7

Age 21+ 0.160 0.16 1.0 48.5

Age 22+ 0.160 0.16 1.0 51.5

Age 23+ 0.160 0.16 1.0 54.7

Age 24+ 0.160 0.16 1.0 57.9

Age 25+ 0.160 0.16 1.0 61.3

Age 26+ 0.160 0.16 1.0 64.8

Age 27+ 0.160 0.16 1.0 68.4

Age 28+ 0.160 0.16 1.0 72.2

Age 29+ 0.160 0.16 1.0 76.1

Age 30+ 0.160 0.16 1.0 80.1

Sources: Cailliet, 2000; Froese and Pauly, 2002; Kucas and Hassler, 1986; Leet et al., 2001; Tenera
Environmental Services, 2000a; and personal communication with Y. DeReynier (NMFS, November 19, 2002).
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Stage Name
Natural Mortality

(per stage)
Fishing Mortality

(per stage)
Fraction Vulnerable

to Fishery
Weight (lbs)

Eggs 2.30 0 0 0.00000200

Larvae 1.00 0 0 0.00000219

Juvenile 1.00 0 0 0.000712

Age 1+ 0.130 0 0 0.281

Age 2+ 0.130 0.13 0.50 0.445

Age 3+ 0.130 0.13 1.0 0.662

Age 4+ 0.130 0.13 1.0 0.940

Age 5+ 0.130 0.13 1.0 1.42

Age 6+ 0.130 0.13 1.0 1.80

Age 7+ 0.130 0.13 1.0 2.19

Age 8+ 0.130 0.13 1.0 2.58

Age 9+ 0.130 0.13 1.0 2.95

Age 10+ 0.130 0.13 1.0 3.31

Age 11+ 0.130 0.13 1.0 3.65

Age 12+ 0.130 0.13 1.0 3.96

Age 13+ 0.130 0.13 1.0 4.25

Age 14+ 0.130 0.13 1.0 4.51

Age 15+ 0.130 0.13 1.0 4.75

Age 16+ 0.130 0.13 1.0 4.97

Age 17+ 0.130 0.13 1.0 5.17

Age 18+ 0.130 0.13 1.0 5.35

Age 19+ 0.130 0.13 1.0 5.51

Age 20+ 0.130 0.13 1.0 5.65

Age 21+ 0.130 0.13 1.0 6.18

a  Includes California scorpionfish and spotted scorpionfish. 

Sources: Cailliet, 2000; Froese and Binohlan, 2000; and Leet et al., 2001.
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Stage Name
Natural Mortality

(per stage)
Fishing Mortality

(per stage)
Fraction Vulnerable 

to Fishery
Weight (lbs)

Eggs 2.30 0 0 0.000317

Larvae 5.04 0 0 0.000349

Juvenile 0.916 0 0 0.199

Age 1+ 0.160 0 0 0.397

Age 2+ 0.160 0 0 4.50

Age 3+ 0.160 0 0 12.2

Age 4+ 0.160 0 0 23.8

Age 5+ 0.160 0 0 33.8

Sources: Allen and Hassler, 1986; Beauchamp et al., 1983; Froese and Pauly, 2001; and Wang, 1986.
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Stage Name
Natural Mortality

(per stage)
Fishing Mortality

(per stage)
Fraction Vulnerable

to Fishery
Weight (lbs)

Eggs 0.288 0 0 0.00000101

Larvae 1.00 0 0 0.0000216

Juvenile 0.190 0 0 0.000138

Age 1+ 0.190 0 0 0.0313

Age 2+ 0.190 0 0 0.0625

Age 3+ 0.190 0 0 0.125

Age 4+ 0.190 0 0 0.312

Age 5+ 0.190 0.26 0.50 0.531

Age 6+ 0.190 0.26 1.0 0.813

Age 7+ 0.287 0.26 1.0 1.13

Age 8+ 0.287 0.26 1.0 1.50

Age 9+ 0.287 0.26 1.0 1.88

Age 10+ 0.287 0.26 1.0 2.19

Age 11+ 0.287 0.26 1.0 2.30

Age 12+ 0.287 0.26 1.0 2.41

Age 13+ 0.287 0.26 1.0 2.67

Age 14+ 0.287 0.26 1.0 2.93

Age 15+ 0.287 0.26 1.0 3.19

Age 16+ 0.287 0.26 1.0 3.44

Age 17+ 0.287 0.26 1.0 3.69

Age 18+ 0.287 0.26 1.0 3.94

Age 19+ 0.287 0.26 1.0 4.19

Age 20+ 0.287 0.26 1.0 4.42

Age 21+ 0.287 0.26 1.0 4.66

Age 22+ 0.287 0.26 1.0 4.88
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Stage Name
Natural Mortality

(per stage)
Fishing Mortality

(per stage)
Fraction Vulnerable

to Fishery
Weight (lbs)

App. B1-9

Age 23+ 0.287 0.26 1.0 5.10

Age 24+ 0.287 0.26 1.0 5.31

Age 25+ 0.287 0.26 1.0 5.51

Age 26+ 0.287 0.26 1.0 5.71

Age 27+ 0.287 0.26 1.0 5.90

Age 28+ 0.287 0.26 1.0 6.08

Age 29+ 0.287 0.26 1.0 6.25

Age 30+ 0.287 0.26 1.0 6.42

Age 31+ 0.287 0.26 1.0 6.58

Age 32+ 0.287 0.26 1.0 6.73

Age 33+ 0.287 0.26 1.0 6.88

a  Commercial sea bass species includes giant sea bass; recreational sea bass species includes barred sand bass,
paralabrax species, broomtail grouper, kelp bass, spotted bass, and spotted sand bass.

Sources: Cailliet, 2000; California Department of Fish and Game, 2000a; Froese and Binohlan, 2000; Froese and
Pauly, 2002; and Leet et al., 2001.
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Stage Name
Natural Mortality 

(per stage)
Fishing Mortality 

(per stage)
Fraction Vulnerable 

to Fishery
Weight (lbs)

Eggs 0.693 0 0 0.000000249

Larvae 3.00 0 0 0.000000736

Juvenile 2.16 0.14 1.0 0.0000865

Age 1+ 2.16 0.14 1.0 0.000452

Age 2+ 2.16 0.14 1.0 0.00236

a  Includes Alaskan bay shrimp, bay shrimp, black tailed bay shrimp, blackspotted shrimp, Franscican bay shrimp, ghost
shrimp, smooth bay shrimp, spot shrimp, and spotted bay shrimp.

Sources: Bielsa et al., 1983; Leet et al., 2001; Siegfried, 1989; Tenera Environmental Services, 2001; and Virginia Tech,
1998.
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Stage Name
Natural Mortality

(per stage)
Fishing Mortality

(per stage)
Fraction Vulnerable

to Fishery
Weight (lbs)

Eggs 2.90 0 0 0.00000115

Larvae 4.89 0 0 0.00000120

Juvenile 0.916 0 0 0.0000462

Age 1+ 1.28 0 0 0.00418

Sources: Brown and Kimmerer, 2002; Buckley, 1989a; Froese and Pauly, 2001, 2003; Moyle et al., 1992; and
Wang, 1986.
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Stage Name
Natural Mortality 

(per stage)
Fishing Mortality 

(per stage)
Fraction Vulnerable 

to Fishery
Weight (lbs)

Eggs 0.500 0 0 0.000000722

Larvae 4.61 0 0 0.00000464

Juvenile 3.38 0 0 0.000212

Age 1+ 0.420 0 0 0.120

Age 2+ 0.420 0 0 0.156

Age 3+ 0.210 0.21 0.50 0.195

Age 4+ 0.210 0.21 1.0 0.239

Age 5+ 0.210 0.21 1.0 0.287

Age 6+ 0.210 0.21 1.0 0.340

Age 7+ 0.210 0.21 1.0 0.398

Age 8+ 0.210 0.21 1.0 0.458

Age 9+ 0.210 0.21 1.0 0.519

Age 10+ 0.210 0.21 1.0 0.584

Age 11+ 0.210 0.21 1.0 0.648

Age 12+ 0.210 0.21 1.0 0.723

a  Includes black croaker, California corbina, queenfish, spotfin croaker, white croaker, white seabass, yellowfin
croaker, and other drums or croakers not identified to species.

Sources: Cailliet, 2000; Isaacson, 1964; and Tenera Environmental Services, 1988, 2000b, 2001.
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Stage Name
Natural Mortality 

(per stage)
Fishing Mortality 

(per stage)
Fraction Vulnerable 

to Fishery
Weight (lbs)

Eggs 0.223 0 0 0.000000153

Zoea/Larvaea 1.20 0 0 0.000134

Megalopae 1.20 0 0 0.590

Age 1+ 0.500 0 0 1.10

Age 2+ 0.500 0.50 0.50 1.37

Age 3+ 0.500 0.50 1.0 2.48

Age 4+ 1.71 0.50 1.0 4.04

Age 5+ 1.71 0.50 1.0 4.41

Age 6+ 1.71 0.50 1.0 4.79

Age 7+ 1.71 0.50 1.0 5.20

Age 8+ 1.71 0.50 1.0 5.63

Age 9+ 1.71 0.50 1.0 6.08

Age 10+ 1.71 0.50 1.0 6.56

a  Life stages reported as larvae and zoea were assigned the same life history parameters.

Sources: Carroll, 1982; Leet et al., 2001; Pauley et al., 1989; Tenera Environmental Services, 2000a; University of
Washington, 2000; Virginia Tech, 1998; and Wild and Tasto, 1983.
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Stage Name
Natural Mortality 

(per stage)
Fishing Mortality 

(per stage)
Fraction Vulnerable 

to Fishery
Weight (lbs)

Eggs 0.223 0 0 0.000000303

Larvae 6.28 0 0 0.00121

Juvenile 1.14 0 0 0.00882

Age 1+ 0.363 0.24 0.50 0.0672

Age 2+ 0.649 0.43 1.0 0.226

Age 3+ 0.752 0.50 1.0 0.553

Age 4+ 0.752 0.50 1.0 1.13

a  Includes bigmouth sole, CO turbot, California halibut, curlfin sole, diamond turbot, dover sole, english sole, fantail
sole, hornyhead turbot, longfin sanddab, pacific sanddab, petrale sole, rock sole, sand sole, slender sole, speckled
sanddab, spotted turbot, starry flounder, and other flounders not identified to species.

Sources: Cailliet, 2000; ENSR and Marine Research Inc., 2000; Leet et al., 2001; Tenera Environmental Services,
2000a, 2001; and personal communication with Y. DeReynier (NMFS, November 19, 2002).
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Stage Name
Natural Mortality 

(per stage)
Fishing Mortality 

(per stage)
Fraction Vulnerable 

to Fishery
Weight (lbs)

Eggs 0.693 0 0 0.000000249

Larvae 3.00 0 0 0.000000736

Juvenile 2.30 0 0 0.0000865

Age 1+ 2.30 0 0 0.000131

Age 2+ 2.30 0 0 0.00236

a  Includes anemone shrimp, blue mud shrimp, broken back shrimp, brown shrimp, California green shrimp, dock shrimp,
mysids, opossum shrimp, oriental shrimp, pistol shrimp, sidestriped shrimp, skeleton shrimp, stout bodied shrimp, striped
shrimp, tidepool shrimp, twistclaw pistol shrimp, and other shrimp not identified to species.

Sources: Siegfried, 1989; Tenera Environmental Services, 2001; and Virginia Tech, 1998.
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Stage Name
Natural Mortality 

(per stage)
Fishing Mortality 

(per stage)
Fraction Vulnerable 

to Fishery
Weight (lbs)

Eggs 0 0 0 0.0000115

Larvae 5.77 0 0 0.0000190

Juvenile 0.871 0 0 0.000169

Age 1+ 1.10 0 0 0.00194

Age 2+ 1.10 0 0 0.00414

Age 3+ 1.10 0 0 0.00763

Age 4+ 1.10 0 0 0.0310

Age 5+ 1.10 0 0 0.0810

a  Includes arrow goby, bay goby, blackeye goby, blind goby, chameleon goby, cheekspot goby, longjaw mudsucker
shadow goby, yellowfin goby, and other gobies not identified to species.

Sources: Froese and Pauly, 2000, 2002; NMFS, 2003a; Tenera Environmental Services, 2000a; and Wang, 1986.
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App. B1-13
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Stage Name
Natural Mortality 

(per stage)
Fishing Mortality

 (per stage)
Fraction Vulnerable 

to Fishery
Weight (lbs)

Eggs 2.30 0 0 0.00000164

Larvae 4.61 0 0 0.00000180

Juvenile 0.693 0 0 0.00161

Age 1+ 0.473 0 0 0.0408

Age 2+ 0.474 0 0 0.128

Age 3+ 0.474 0 0 0.167

Age 4+ 0.474 0 0 0.211

Age 5+ 0.474 0 0 0.258

Age 6+ 0.474 0 0 0.288

Age 7+ 0.474 0 0 0.330

Age 8+ 0.474 0 0 0.345

Age 9+ 0.474 0 0 0.353

Age 10+ 0.474 0 0 0.364

Age 11+ 0.474 0 0 0.375

a  Includes middle thread herring, pacific herring, pacific sardine, round herring, threadfin shad, and other herrings
not identified to species.
b  Life history parameters applied to losses from Contra Costa, Diablo, Encina, Humboldt Bay, Hunter’s Point,
Huntington, Morro Bay, Moss Landing, Ormond, Pittsburg, Redondo Beach, Scattergood, Segundo, and San Onofre.

Sources: Ecological Analysts Inc., 1981b, 1982a; Froese and Pauly, 2002; Lassuy, 1989; NMFS, 2003a; and
Tenera Environmental Services, 2001.
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App. B1-14

%�&���	
'
1��������$�������������������������)���

Stage Name
Natural Mortality 

(per stage)
Fishing Mortality

 (per stage)
Fraction Vulnerable 

to Fishery
Weight (lbs) 

Eggs 2.30 0 0 0.00000164

Larvae 6 mm 0.140 0 0 0.00000182

Larvae 7 mm 0.121 0 0 0.00000299

Larvae 8 mm 0.107 0 0 0.00000461

Larvae 9 mm 0.096 0 0 0.00000675

Larvae 10 mm 0.087 0 0 0.00000948

Larvae 11 mm 0.079 0 0 0.0000129

Larvae 12 mm 0.221 0 0 0.0000171

Larvae 13 mm 0.221 0 0 0.0000221

Larvae 14 mm 0.221 0 0 0.0000281

Larvae 15 mm 0.221 0 0 0.0000352

Larvae 16 mm 0.221 0 0 0.0000433

Larvae 17 mm 0.221 0 0 0.0000527

Larvae 18 mm 0.221 0 0 0.0000634

Larvae 19 mm 0.221 0 0 0.0000755

Larvae 20 mm 0.221 0 0 0.0000891

Larvae 22 mm 0.221 0 0 0.000121

Larvae 23 mm 0.221 0 0 0.000140

Larvae 24 mm 0.221 0 0 0.000161

Larvae 25 mm 0.221 0 0 0.000183

Larvae 26 mm 0.221 0 0 0.000208

Larvae 27 mm 0.221 0 0 0.000235

Larvae 28 mm 0.221 0 0 0.000264

Larvae 29 mm 0.221 0 0 0.000296

Larvae 30 mm 0.221 0 0 0.000330

Juvenile 0.693 0 0 0.00161

Age 1+ 0.473 0 0 0.0408

Age 2+ 0.474 0 0 0.128

Age 3+ 0.474 0 0 0.167

Age 4+ 0.474 0 0 0.211

Age 5+ 0.474 0 0 0.258

Age 6+ 0.474 0 0 0.288

Age 7+ 0.474 0 0 0.330

Age 8+ 0.474 0 0 0.345

Age 9+ 0.474 0 0 0.353

Age 10+ 0.474 0 0 0.364

Age 11+ 0.474 0 0 0.375

a  Includes pacific herring and other herrings not identified to species.
b  Life history parameters applied to losses from Potrero.

Sources: Ecological Analysts Inc., 1981b; Froese and Pauly, 2002; Lassuy, 1989; NMFS, 2003a; Tenera
Environmental Services, 2001; and Wang, 1986.
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App. B1-15
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Stage Name
Natural Mortality 

(per stage)
Fishing Mortality

 (per stage)
Fraction Vulnerable 

to Fishery
Weight (lbs)

Eggs 2.30 0 0 0.00000164

Larvae 6 mm 0.107 0 0 0.00000182

Larvae 7 mm 0.107 0 0 0.00000299

Larvae 8 mm 0.107 0 0 0.00000461

Larvae 9 mm 0.107 0 0 0.00000675

Larvae 10 mm 0.107 0 0 0.00000948

Larvae 11 mm 0.107 0 0 0.0000129

Larvae 12 mm 0.107 0 0 0.0000171

Larvae 13 mm 0.214 0 0 0.0000221

Larvae 15 mm 0.107 0 0 0.0000352

Larvae 16 mm 0.107 0 0 0.0000433

Larvae 17 mm 0.107 0 0 0.0000527

Larvae 18 mm 0.107 0 0 0.0000634

Larvae 19 mm 0.107 0 0 0.0000755

Larvae 20 mm 0.107 0 0 0.0000891

Larvae 21 mm 0.107 0 0 0.000104

Larvae 22 mm 0.107 0 0 0.000121

Larvae 23 mm 0.107 0 0 0.000140

Larvae 24 mm 0.107 0 0 0.000161

Larvae 25 mm 2.36 0 0 0.000183

Larvae 47 mm 0.107 0 0 0.00141

Larvae 48 mm 0.107 0 0 0.00151

Juvenile 0.693 0 0 0.00161

Age 1+ 0.473 0 0 0.0408

Age 2+ 0.474 0 0 0.128

Age 3+ 0.474 0 0 0.167

Age 4+ 0.474 0 0 0.211

Age 5+ 0.474 0 0 0.258

Age 6+ 0.474 0 0 0.288

Age 7+ 0.474 0 0 0.330

Age 8+ 0.474 0 0 0.345

Age 9+ 0.474 0 0 0.353

Age 10+ 0.474 0 0 0.364

Age 11+ 0.474 0 0 0.375

a  Includes pacific herring.
b  Life history parameters applied to losses from Hunter’s Point.

Sources: Ecological Analysts Inc., 1981b, 1982a; Froese and Pauly, 2002; Lassuy, 1989; NMFS, 2003a; Tenera
Environmental Services, 2001; and Wang, 1986.
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App. B1-16
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Stage Name
Natural Mortality

(per stage)
Fishing Mortality

(per stage)
Fraction Vulnerable

to Fishery
Weight 

(lbs)

Eggs 2.90 0 0 0.00000115

Larvae 6.38 0 0 0.00000186

Juvenile 0.916 0 0 0.000213

Age 1+ 0.670 0 1.0 0.00355

Age 2+ 0.670 0 1.0 0.0157

Age 3+ 0.670 0 1.0 0.0434

Sources: Buckley, 1989a; Froese and Pauly, 2001; U.S. Fish and Wildlife Service, 1996b; and Wang, 1986.
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Stage Name
Natural Mortality 

(per stage)
Fishing Mortality 

(per stage)
Fraction Vulnerable 

to Fishery
Weight (lbs)

Eggs 0.669 0 0 0.00000138

Larvae 5 mm 1.71 0 0 0.00000334

Larvae 6 mm 0.196 0 0 0.00000572

Larvae 7 mm 0.196 0 0 0.00000901

Larvae 8 mm 0.196 0 0 0.0000134

Larvae 9 mm 0.196 0 0 0.0000189

Larvae 10 mm 0.196 0 0 0.0000258

Larvae 11 mm 0.196 0 0 0.0000342

Larvae 12 mm 0.196 0 0 0.0000442

Larvae 13 mm 0.196 0 0 0.0000559

Larvae 14 mm 0.196 0 0 0.0000696

Larvae 15 mm 0.196 0 0 0.0000853

Larvae 16 mm 0.196 0 0 0.000103

Larvae 17 mm 0.196 0 0 0.000123

Larvae 18 mm 0.196 0 0 0.000146

Larvae 19 mm 0.196 0 0 0.000171

Larvae 20 mm 0.196 0 0 0.000199

Larvae 21 mm 0.196 0 0 0.000230

Larvae 22 mm 0.196 0 0 0.000264

Larvae 23 mm 0.196 0 0 0.000301

Larvae 24 mm 0.196 0 0 0.000341

Larvae 25 mm 0.196 0 0 0.000385

Larvae 26 mm 0.196 0 0 0.000432

Larvae 27 mm 0.196 0 0 0.000483

Larvae 28 mm 0.196 0 0 0.000538

Larvae 29 mm 0.196 0 0 0.000597

Larvae 30 mm 0.196 0 0 0.000659

Larvae 31 mm 0.196 0 0 0.000726
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Stage Name
Natural Mortality 

(per stage)
Fishing Mortality 

(per stage)
Fraction Vulnerable 

to Fishery
Weight (lbs)

App. B1-17

Larvae 32 mm 0.196 0 0 0.000798

Larvae 33 mm 0.196 0 0 0.000873

Larvae 34 mm 0.196 0 0 0.000954

Larvae 35 mm 0.196 0 0 0.00104

Larvae 36 mm 0.196 0 0 0.00113

Larvae 37 mm 0.196 0 0 0.00122

Juvenile 2.12 0 0 0.0132

Age 1+ 0.700 0.03 0.50 0.0408

Age 2+ 0.700 0.03 1.0 0.0529

Age 3+ 0.700 0.03 1.0 0.0609

Age 4+ 0.700 0.03 1.0 0.0684

Age 5+ 0.700 0.03 1.0 0.0763

Age 6+ 0.700 0.03 1.0 0.0789

Sources: Ecological Analysts Inc., 1980b; Froese and Pauly, 2002; Virginia Tech, 1998; Tenera Environmental
Services, 2000a; and Wang, 1986.
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Stage Name
Natural Mortality

(per stage)
Fishing Mortality

(per stage)
Fraction Vulnerable

to Fishery
Weight 

(lbs)

Eggs 0 0 0 0.000000153

Zoea 1 1.58 0 0 0.00000195

Zoea 2 0.948 0 0 0.00000726

Zoea 3 0.948 0 0 0.0000177

Zoea 4 0.948 0 0 0.0000347

Zoea 5 1.26 0 0 0.0000598

Megalopae 2.31 0 0 0.000134

Age 1+ 2.43 0 0 0.289

Age 2+ 2.43 0 0 0.654

Age 3+ 2.43 0 0 1.26

Age 4+ 1.82 0.61 0.50 1.97

Age 5+ 1.82 0.61 1.0 2.55

Age 6+ 1.82 0.61 1.0 3.00

a  Includes Anthony’s rock crab, black clawed crab, brown rock crab, common rock crab, cryptic kelp crab, dwarf
crab, elbow crab, graceful kelp crab, hairy crab, hairy rock crab, kelp crab, lined shore crab, lumpy crab, majid crab,
masking crab, mole crab, moss crab, northern kelp crab, porcelain crab, purple shore crab, red crab, red rock crab,
sharp nosed crab, shore crab family, slender crab, southern kelp crab, spider crab, striped shore crab, thickclaw
porcelain crab, yellow crab, yellow shore crab, and other commercial crabs not identified to species.
b  Life history parameters applied to losses from Diablo, Encina, Morro Bay, and Moss Landing.

Sources: Carroll, 1982; Leets et al., 2001; Tenera Environmental Services, 2000a; and University of Washington,
2000.
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App. B1-18
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Stage Name
Natural Mortality

(per stage)
Fishing Mortality

(per stage)
Fraction Vulnerable

to Fishery
Weight 

(lbs)

Eggs 0 0 0 0.000000153

Larvae 7.99 0 0 0.0000192

Megalopae 2.31 0 0 0.000134

Age 1+ 2.43 0 0 0.289

Age 2+ 2.43 0 0 0.654

Age 3+ 2.43 0 0 1.26

Age 4+ 1.82 0.61 0.50 1.97

Age 5+ 1.82 0.61 1.0 2.55

Age 6+ 1.82 0.61 1.0 3.00

a  Includes brown rock crab, European green crab, hairy rock crab, hermit crab, lined shore crab, mud crab, 
pacific sand crab, pea crab, pebble crab, porcelain crab, red crab, red rock crab, shore crab, slender crab, slender rock
crab, spider crab, stone crab, yellow crab, yellow rock crab, yellow shore crab, and other commercial crabs not
identified to species.
b  Life history parameters applied to losses from Humboldt Bay, Hunter’s Point, Morro Bay, Moss Landing, and
Potrero.

Sources: Carroll, 1982; Leets et al., 2001; Tenera Environmental Services, 2000a, 2001; and University of
Washington, 2000.
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Stage Name
Natural Mortality 

(per stage)
Fishing Mortality 

(per stage)
Fraction Vulnerable 

to Fishery
Weight (lbs)

Eggs 2.30 0 0 0.00000164

Larvae 6 mm 1.44 0 0 0.00000182

Larvae 7 mm 0.703 0 0 0.00000299

Larvae 8 mm 0.609 0 0 0.00000461

Larvae 9 mm 0.537 0 0 0.00000675

Larvae 10 mm 0.481 0 0 0.00000948

Larvae 11 mm 0.435 0 0 0.0000129

Larvae 12 mm 0.397 0 0 0.0000171

Juvenile 0.693 0 0 0.00161

Age 1+ 0.473 0 0 0.243

Age 2+ 0.474 0 0 0.351

Age 3+ 0.474 0 0 0.388

Age 4+ 0.474 0 0 0.410

Age 5+ 0.474 0 0 0.434

Age 6+ 0.474 0 0 0.450

Age 7+ 0.474 0 0 0.472

Age 8+ 0.474 0 0 0.485

Sources: Ecological Analysts Inc., 1981b; Froese and Pauly, 2002, 2003; Lassuy, 1989; NMFS, 2003a; Tenera
Environmental Services, 2001; and Washington Dept. of Fish and Wildlife, 1997.
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Stage Name
Natural Mortality 

(per stage)
Fishing Mortality 

(per stage)
Fraction Vulnerable 

to Fishery
Weight (lbs)

Larvae 1.00 0 0 0.000181

Juvenile 1.00 0 0 0.00760

Age 1+ 0.215 0 0 0.0444

Age 2+ 0.215 0 0 0.150

Age 3+ 0.261 0 0 0.308

Age 4+ 0.131 0.13 0.25 0.458

Age 5+ 0.131 0.13 0.50 0.689

Age 6+ 0.131 0.13 0.75 0.878

Age 7+ 0.131 0.13 1.0 1.05

Age 8+ 0.131 0.13 1.0 1.21

Age 9+ 0.131 0.13 1.0 1.34

Age 10+ 0.131 0.13 1.0 1.46

Age 11+ 0.131 0.13 1.0 1.55

Age 12+ 0.131 0.13 1.0 1.63

Age 13+ 0.131 0.13 1.0 1.70

Age 14+ 0.131 0.13 1.0 1.75

Age 15+ 0.131 0.13 1.0 1.80

Age 16+ 0.131 0.13 1.0 1.83

Age 17+ 0.131 0.13 1.0 1.86

Age 18+ 0.131 0.13 1.0 1.88

Age 19+ 0.131 0.13 1.0 1.90

Age 20+ 0.131 0.13 1.0 1.92

Age 21+ 0.131 0.13 1.0 1.93

Age 22+ 0.131 0.13 1.0 1.94

Age 23+ 0.131 0.13 1.0 1.95

Age 24+ 0.131 0.13 1.0 1.95

a  Includes aurora rockfish, black and yellow rockfish, black rockfish, blue rockfish, bocaccio, brown rockfish, calico
rockfish, chilipepper, copper rockfish, flag rockfish, gopher rockfish, grass rockfish, kelp rockfish, olive rockfish,
shortbelly rockfish, treefish, vermilion rockfish, yellowtail rockfish, and other rockfish not identified to species.

Sources: Cailliet, 2000; Leet et al., 2001; Froese and Binohlan, 2000; Russell and Hanson, 1990; and Tenera
Environmental Services, 2001.
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Stage Name
Natural Mortality

(per stage)
Fishing Mortality

(per stage)
Fraction Vulnerable 

to Fishery
Weight 

(lbs)

Eggs 2.30 0 0 0.00000352

Larvae 11.3 0 0 0.0000140

Juvenile 0.916 0 0 0.00103

Age 1+ 0.370 0 1.0 0.0683

Age 2+ 0.370 0 1.0 0.252

Age 3+ 0.370 0 1.0 0.480

Age 4+ 0.370 0 1.0 0.704

Age 5+ 0.370 0 1.0 1.05

Sources: California Department of Water Resources and U.S. Bureau of Reclamation, 1994; Daniels and Moyle,
1983; and Froese and Pauly, 2001.
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Stage Name
Natural Mortality

(per stage)
Fishing Mortality

(per stage)
Fraction Vulnerable 

to Fishery
Weight 

(lbs)

Eggs 2.30 0 0 0.000317

Larvae 5.04 0 0 0.000349

Juvenile 0.916 0 0 0.199

Age 1+ 0.160 0.16 0.50 0.397

Age 2+ 0.160 0.16 1.0 4.50

Age 3+ 0.160 0.16 1.0 12.2

Age 4+ 0.160 0.16 1.0 23.8

Age 5+ 0.160 0.16 1.0 33.8

Sources: Allen and Hassler, 1986; Beauchamp et al., 1983; California Dept. of Fish and Game, 2003; Froese and
Pauly, 2001; and Wang, 1986.
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Stage Name
Natural Mortality 

(per stage)
Fishing Mortality 

(per stage)
Fraction Vulnerable 

to Fishery
Weight (lbs)

Eggs 2.30 0 0 0.00000338

Larvae 3.79 0 0 0.00000371

Juvenile 0.916 0 0 0.0120

Age 1+ 0.420 0.50 0.50 0.0400

Age 2+ 0.420 0.50 1.0 0.104

Age 3+ 0.420 0.50 1.0 0.219

a  Includes bonehead sculpin, brown Irish lord, buffalo sculpin, coralline sculpin, fluffy sculpin, manacled sculpin,
pacific staghorn sculpin, prickly sculpin, rosy sculpin, roughcheek sculpin, roughneck sculpin, smoothhead sculpin,
snubnose sculpin, spotted scorpionfish, staghorn sculpin, tidepool sculpin, woolly sculpin, and other sculpins not
identified to species.

Sources: Cailliet, 2000; Froese and Pauly, 2002; Leet et al., 2001; and personal communication with Y. DeReynier
(NMFS, November 19, 2002).
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Stage Name
Natural Mortality 

(per stage)
Fishing Mortality 

(per stage)
Fraction Vulnerable 

to Fishery
Weight (lbs)

Eggs 0.669 0 0 0.00000924

Larvae 7.99 0 0 0.0000528

Juvenile 0.420 0 0 0.000472

Age 1+ 0.420 0 0 0.0207

Age 2+ 0.420 0 0 0.106

Age 3+ 0.420 0 0 0.166

Age 4+ 0.420 0 0 0.246

Age 5+ 0.420 0 0 0.349

Age 6+ 0.420 0 0 0.476

Age 7+ 0.420 0 0 0.632

Age 8+ 0.420 0 0 0.818

Age 9+ 0.420 0 0 1.04

Age 10+ 0.420 0 0 1.30

Age 11+ 0.420 0 0 1.59

a  Includes California grunion, jacksmelt, topsmelt, and other silversides not identified to species.

Sources: Cailliet, 2000; Froese and Pauly, 2002; Leet et al., 2001; NMFS, 2003a; and Wang, 1986.
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Stage Name
Natural Mortality 

(per stage)
Fishing Mortality 

(per stage)
Fraction Vulnerable 

to Fishery
Weight (lbs)

Eggs 2.90 0 0 0.00000154

Larvae 7.99 0 0 0.000389

Juvenile 0.740 0.15 0.50 0.00520

Age 1+ 0.740 0.15 1.0 0.0364

Age 2+ 0.740 0.15 1.0 0.147

Age 3+ 0.740 0.15 1.0 0.393

Age 4+ 0.740 0.15 1.0 0.738

Age 5+ 0.740 0.15 1.0 1.25

a  Includes night smelt, popeye smelt, surf smelt, and other smelts not identified to species.

Sources: Buckley, 1989a; Cailliet, 2000; Dryfoos, 1965; Froese and Pauly, 2002; and Leet et al., 2001.
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Stage Name
Natural Mortality

(per stage)
Fishing Mortality

(per stage)
Fraction Vulnerable

to Fishery
Weight 

(lbs)

Eggs 2.30 0 0 0.000317

Larvae 5.04 0 0 0.000349

Juvenile 0.916 0 0 0.199

Age 1+ 0.160 0 0 0.397

Age 2+ 0.160 0 0.50 4.50

Age 3+ 0.160 0 1.0 12.2

Age 4+ 0.160 0 1.0 23.8

Age 5+ 0.160 0 1.0 33.8

Age 6+ 0.160 0 1.0 37.9

Age 7+ 0.160 0 1.0 40.1

Age 8+ 0.160 0 1.0 41.9

Age 9+ 0.160 0 1.0 43.0

Sources: Beauchamp et al., 1983; Froese and Pauly, 2001; and Wang, 1986.
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Stage Name
Natural Mortality

(per stage)
Fishing Mortality

(per stage)
Fraction Vulnerable

to Fishery
Weight 

(lbs)

Eggs 1.50 0 0 0.0000416

Larvae 5 to 6 mm 1.00 0 0 0.0000457

Larvae 7 to 10 mm 2.01 0 0 0.0000503

Larvae 11 to 14 mm 0.939 0 0 0.0000553

Larvae 15 to 18 mm 0.651 0 0 0.0000898

Larvae 19 mm 0.0610 0 0 0.000135

Larvae 20 to 24 mm 0.312 0 0 0.000207

Larvae 25 to 29 mm 0.286 0 0 0.000397

Larvae 30 to 34 mm 0.334 0 0 0.000616

Larvae 35 to 39 mm 0.375 0 0 0.000977

Larvae 40 to 44 mm 0.441 0 0 0.00136

Larvae 45 to 49 mm 0.904 0 0 0.00194

Larvae 51 to 75 mm 0.700 0 0 0.00421

Larvae 76 to 100 mm 0.350 0 0 0.0105

Juvenile 0.916 0 0 0.0174

Age 1+ 0.320 0 0 0.100

Age 2+ 0.320 0.18 0.06 0.500

Age 3+ 0.320 0.18 0.20 2.30

Age 4+ 0.320 0.18 0.63 4.30

Age 5+ 0.320 0.18 0.94 6.00

Age 6+ 0.320 0.18 1.0 8.50

Age 7+ 0.320 0.18 1.0 11.8

Age 8+ 0.320 0.18 1.0 13.8

Age 9+ 0.320 0.18 1.0 16.0

a  Life history parameters applied to losses from Contra Costa and Pittsburg.

Sources: California Dept. of Fish and Game, 2000a; Ecological Analysts Inc., 1981b; Froese and Pauly, 2001; Leet
et al., 2001; PSE&G, 1999; Setzler et al., 1980.
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App. B1-24
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Stage Name
Natural Mortality

(per stage)
Fishing Mortality

(per stage)
Fraction Vulnerable

to Fishery
Weight 

(lbs)

Eggs 1.50 0 0 0.0000416

Larvae 7.44 0 0 0.0000457

Juvenile 0.916 0 0 0.0174

Age 1+ 0.320 0 0 0.100

Age 2+ 0.320 0.18 0.06 0.500

Age 3+ 0.320 0.18 0.20 2.30

Age 4+ 0.320 0.18 0.63 4.30

Age 5+ 0.320 0.18 0.94 6.00

Age 6+ 0.320 0.18 1.0 8.50

Age 7+ 0.320 0.18 1.0 11.8

Age 8+ 0.320 0.18 1.0 13.8

Age 9+ 0.320 0.18 1.0 16.0

a  Life history parameters applied to losses from Hunter’s Point.

Sources: California Dept. of Fish and Game, 2000a; Ecological Analysts Inc., 1981b; Froese and Pauly, 2001; Leet
et al., 2001; PSE&G, 1999; and Setzler et al., 1980.
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Stage Name
Natural Mortality 

(per stage)
Fishing Mortality 

(per stage)
Fraction Vulnerable 

to Fishery
Weight (lbs)

Juvenile 0.560 0 0 0.00443

Age 1+ 0.280 0 0 0.0429

Age 2+ 0.280 0.28 0.50 0.125

Age 3+ 0.280 0.28 1.0 0.203

Age 4+ 0.280 0.28 1.0 0.261

Age 5+ 0.280 0.28 1.0 0.300

Age 6+ 0.280 0.28 1.0 0.324

a  Includes barred surfperch, black surfperch, calico surfperch, dwarf surfperch, island surfperch, kelp surfperch, pile
surfperch, pink seaperch, rainbow surfperch, rubberlip surfperch, shiner surfperch, silver surfperch, spotfin
surfperch, striped surfperch, walleye surfperch, white seaperch, and other surfperches not identified to species.

Sources: Cailliet, 2000; Froese and Binohlan, 2000; Froese and Pauly, 2002; and Leet et al., 2001.
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App. B1-25
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Stage Name
Natural Mortality

(per stage)
Fishing Mortality

(per Stage )

Fraction
Vulnerable to

Fishery
Weight (lbs)

Eggs 2.08 0 0 0.000000716

Larvae 5.71 0 0 0.00000204

Juvenile 2.85 0 0 0.000746

Age 1+ 0.450 0 0 0.0937

Age 2+ 0.450 0.80 0.50 0.356

Age 3+ 0.450 0.80 1.0 0.679

Age 4+ 0.450 0.80 1.0 0.974

Age 5+ 0.450 0.80 1.0 1.21

Age 6+ 0.450 0.80 1.0 1.38

a  See Table B1-40 for a list of species.

Sources: Able and Fahay, 1998; ASMFC, 2001b; Durbin et al., 1983; Entergy Nuclear Generation Company, 2000;
PSE&G, 1999; Ruppert et al., 1985; and U.S. Fish and Wildlife Service, 1978.
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Stage Name
Natural Mortality

(per stage)
Fishing Mortality

(per Stage )

Fraction
Vulnerable to

Fishery
Weight (lbs)

Eggs 2.08 0 0 0.000000716

Larvae 5.71 0 0 0.00000204

Juvenile 2.85 0 0 0.000746

Age 1+ 0.450 0 0 0.0937

Age 2+ 0.450 0.80 0.50 0.356

Age 3+ 0.450 0.80 1.0 0.679

Age 4+ 0.450 0.80 1.0 0.974

Age 5+ 0.450 0.80 1.0 1.21

Age 6+ 0.450 0.80 1.0 1.38

a  See Table B1-41 for a list of species.

Sources: Able and Fahay, 1998; ASMFC, 2001b; Durbin et al., 1983; Entergy Nuclear Generation Company, 2000;
PSE&G, 1999; Ruppert et al., 1985; and U.S. Fish and Wildlife Service, 1978.
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App. B1-26
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Stage Name
Natural Mortality

(per stage)
Fishing Mortality

(per stage )

Fraction
Vulnerable to

Fishery
Weight (lbs)

Eggs 2.08 0 0 0.000000716

Yolk-sac larvae 2.85 0 0 0.000000728

Post yolk-sac larvae 2.85 0 0 0.00000335

Juvenile 1 1.43 0 0 0.000746

Juvenile 2 1.43 0 0 0.0472

Age 1+ 0.450 0 0 0.0937

Age 2+ 0.450 0.80 0.50 0.356

Age 3+ 0.450 0.80 1.0 0.679

Age 4+ 0.450 0.80 1.0 0.974

Age 5+ 0.450 0.80 1.0 1.21

Age 6+ 0.450 0.80 1.0 1.38

a  Includes barracuda, California sheephead, jack mackerel, lingcod, piked dogfish, and spiny dogfish.

Sources: Able and Fahay, 1998; ASMFC, 2001b; Durbin et al., 1983; Entergy Nuclear Generation Company, 2000;
PSE&G, 1999; Ruppert et al., 1985; and U.S. Fish and Wildlife Service, 1978.
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Stage Name
Natural Mortality

(per stage)
Fishing Mortality

(per stage)
Fraction Vulnerable

to Fishery
Weight (lbs)

Eggs 1.04 0 0 0.0000000186

Larvae 7.70 0 0 0.00000158

Juvenile 1.29 0 0 0.000481

Age 1+ 1.62 0 0 0.00381

Age 2+ 1.62 0 0 0.00496

Age 3+ 1.62 0 0 0.00505

a  See Table B1-42 for a list of species.

Sources: Derickson and Price, 1973; and PSE&G, 1999.
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Basketweave cusk-eel Monkeyface eel Pacific hake Spotted cusk-eel

California moray Monkeyface prickleback Pricklebreast poacher Yellow snake-eel

Catalina conger Moray eel Ribbon prickleback

Leopard shark Pacific hagfish Rock prickleback

a  Includes other organisms not identified to species.
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App. B1-27
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Angel shark Chub mackerel Pacific angel shark Round stingray

Bat ray Diamond stingray Pacific bonito Senorita

Big skate Gray smoothhound Pacific bumper Sevengill shark

Black skate Halfmoon Pacific electric ray Soupfin shark

Broadnose sevengill shark Horn shark Pacific mackerel Striped mullet

Brown smoothhound Kelp greenling Pacific moonfish Swell shark

California butterfly ray Mexican scad Pacific pompano Thornback ray

California electric ray Monterey Spanish mackerel Painted greenling

California ray Opaleye Rock wrasse

a  Includes other organisms not identified to species.
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Barcheek pipefish Finescale triggerfish Ocean sunfish Sea porcupine

Bay pipefish Flathead mullet Ocean whitefish Sharksucker

Bigscale goatfish Fringehead Onespot fringehead Shovelnose guitarfish

Bigscale logperch Garibaldi Pacific butterfish Slimy snailfish

Black bullhead Giant kelpfish Pacific cornetfish Smalleye squaretail

Blacksmith Grunt Pacific cutlassfish Snailfishes

Blue lanternfish Gunnels Pacific lamprey Snubnose pipefish

Broadfin lampfish Hatchet fish Pacific sand lance Southern poacher

Bullseye puffer High cockscomb Penpoint gunnel Southern spearnose poacher

California clingfish Hitch Pipefishes Specklefin midshipman

California flyingfish Island kelpfish Plainfin midshipman Spotted kelpfish

California killifish Kelp gunnel Pygmy poacher Spotted ratfish

California lizardfish Kelp pipefish Ratfish Squid

California needlefish Kelpfish Red brotula Stickleback

California tonguefish Lampfish Reef finspot Striped kelpfish

Californian needlefish Lanternfish Ribbonfish Sunfish family

Catfish family Longfin lanternfish Rockweed gunnel Thornback

Clingfishes Longspine combfish Ronquils Threespine stickleback

Clinids Medusafish Saddleback gunnel Tubesnout

Codfishes Mexican lampfish Salema White catfish

Combfish Northern clingfish Sarcastic fringehead Zebra perch

Cortez angelfish Northern lampfish Sargo

Crevice kelpfish Northern spearnose poacher Scarlet kelpfish

a  Includes other organisms not identified to species.


